Objective. The purpose of this study was to determine how the timing of thyroidectomy influenced postoperative weight change. Methods. We conducted a two-institution study, identifying patients treated with total thyroidectomy for hyperthyroidism. Patients were classified as 'early' if they were referred for surgery as the first treatment option, or 'delayed' if they were previously treated with radioactive iodine (RAI). Groups were compared with the Student's ttest or v 2 test where appropriate. Results. There were 204 patients undergoing thyroidectomy for hyperthyroidism. Of these, 171 patients were classified as early and 33 were classified as delayed. Overall, patients gained 6.0 % ±0.8 of their preoperative body weight at last follow-up. Preoperative body mass indexes (BMIs) were similar between groups (p = 0.98), and the median follow-up time was 388 days (range 15-1,584 days). Both groups gained weight until they achieved a normal thyroid-stimulating hormone (TSH) postoperatively. After achieving a normal TSH, the early group stabilized or lost weight (-0.2 lbs/day), while the delayed group continued to gain weight (0.02 lbs/day; p = 0.61). At last follow-up, there were significantly more patients in the delayed group who increased their BMI category compared with the early group (42.4 vs. 21.6 %; p = 0.01). Twice as many patients in the delayed group moved up or into an unhealthy BMI category (overweight or obese) compared with the early group (39.4 vs. 19.3 %; p = 0.01).
Conclusions. Compared with patients initially treated with RAI, patients with hyperthyroidism who underwent surgery as the first treatment were less likely to become overweight or obese postoperatively.
Hyperthyroidism is caused by autoimmune thyroid disease or autonomously functioning thyroid tissue. Graves' disease is an autoimmune thyroiditis and the most common type of hyperthyroidism. A toxic solitary nodule or toxic multinodular goiter results from diffuse or localized hyperplasia of thyroid follicular cells that continue to produce excessive thyroid hormone independent of thyroid-stimulating hormone (TSH). Regardless of the underlying etiology, hyperthyroidism effects almost every organ system in the body with sweating, tachycardia, hypertension, hyperdefecation, bone resorption, tremor, agitation, and insomnia. 1 Weight loss occurs through several mechanisms, with the primary cause being an increased metabolic rate. An increased basal metabolic rate increases energy expenditure and, therefore, weight loss ensues. [2] [3] [4] Secondary causes of weight loss include the increased bowel motility and malabsorption associated with the hyperdefecation.
The first step in treating hyperthyroidism is to render the patient euthyroid through antithyroid medications. Once the patient is euthyroid, there are three definitive treatment options: (1) continued use of antithyroid medications; (2) radioactive iodine (RAI); or (3) thyroidectomy. Due to the adverse effects of long-term antithyroid medications, most patients must choose between RAI and surgery as the definitive treatment strategy. 1 Historically, the majority of patients initially received RAI. Reported recurrence rates after RAI treatment range from 10 to 40 % of patients. [5] [6] [7] Patients who recur can either elect treatment with a second dose of RAI or undergo thyroidectomy.
The American Thyroid Association (ATA) and the American Association of Clinical Endocrinologists (AACE) published revised guidelines for the treatment of hyperthyroidism in 2011. 8 Whereas previous versions of these guidelines favored RAI over surgery, these most recent guidelines considered thyroidectomy as an equal treatment option to RAI. 8, 9 This change in guidelines was prompted in part by the demonstration of safety and efficacy for total thyroidectomy when performed by a highvolume surgeon. [10] [11] [12] In this context, patients and their physicians must decide whether surgery or RAI is the best initial treatment option. Patients making this decision often have questions about how treatment of hyperthyroidism will affect their weight. The weight gain observed after treatment of hyperthyroidism has been conventionally viewed as a return to the patient's premorbid weight. 13 This expected, or appropriate, weight gain results from increased food energy intake that plateaus as weight rises.
14 Long-term studies have supported this general rule. In one study, after treatment of hyperthyroidism, patients sustained a mean increase in body mass index (BMI) of 2.3 kg/m 2 above their pretreatment weight through 5 years post-therapy. After this initial increase, BMI no longer increased over the remainder of the 10-year follow-up period. 15 Increased lean body mass accounts for the majority of this initial weight gain. 3, 4, 15, 16 While these studies primarily included patients treated with either RAI and antithyroid medications, Dale et al. 17 found that patients treated with thyroidectomy gained more weight compared with patients treated with either RAI or antithyroid medications. Jonklaas and Nsouli-Maktabi 18 found that even euthyroid patients gained weight after thyroidectomy, raising the question of whether something about thyroidectomy itself contributes to weight gain.
Yet, patients often receive more than one treatment modality for hyperthyroidism, especially if it recurs. For example, many patients with hyperthyroidism first receive one or more doses of RAI before surgical referral. 1, 10 The purpose of this study was to examine patterns of weight change after thyroidectomy for hyperthyroidism. Specifically, we compared two broad categories of patients treated with thyroidectomy for hyperthyroidism-patients receiving thyroidectomy as their first, or early, treatment modality versus patients who first received RAI and then underwent a later, or delayed, thyroidectomy.
METHODS
We conducted a two-institution retrospective review of prospectively maintained thyroid databases from two highvolume centers, selecting patients undergoing total thyroidectomy for Graves' disease or toxic multinodular goiter between 1 July 2007 and 31 December 2012. We selected patients with preoperative and postoperative body weight data available. Only patients with weight data at the time of their first postoperative normal TSH and at least one subsequent timepoint were selected for further analysis (204 of 269 total patients). Patients who were pregnant (two patients) or had other non-thyroid conditions or treatments likely to contribute to weight gain were excluded (one patient treated with high-dose steroids for a rheumatologic condition). Patients were classified as either 'early' if they were referred for surgery as the first definitive treatment option, or 'delayed' if they were previously treated with RAI or an extended period (C6 months) of antithyroid medications.
Patient weights at three timepoints were recorded (preoperative, first postoperative normal TSH, and last followup), and BMI was calculated. At each timepoint, patient BMIs were classified as follows: underweight (\18.5 kg/ m 2 ), normal (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/ m 2 ), or obese (C30 kg/m 2 ). 19, 20 Weight change was considered unhealthy if a subject moved into either the overweight or obese BMI categories, and healthy if a patient moved from the underweight to the normal category.
Regression was used to fit the optimal curves to the patterns of weight change. Linear regression was used to calculate rates of weight change. Comparisons between groups were made using the Student's t-test, v 2 test, or Wilcoxon Rank-Sum test where appropriate. A p-value \0.05 was considered significant. All statistics were computed using STATA version 12.1 (StataCorp, College Station, TX, USA). This study was approved by the Institutional Review Boards from the University of Wisconsin and Vanderbilt University Medical Center.
RESULTS

Preoperative Characteristics
There were a total of 204 patients from two institutions undergoing total thyroidectomy for hyperthyroidism. Of these, 171 patients (83.8 %) were classified as early and 33 (16.2 %) were classified as delayed. The early and delayed groups did not differ in terms of their age or gender distributions, nor did they have different frequencies of coronary artery disease, diabetes, or congestive heart failure (Table 1) . Disease features such as the proportion of patients with ophthalmopathy or the percentage uptake on thyroid uptake scans also did not differ between the groups (Table 1) . Preoperative thyroid function (TSH and free T4) were equivalent between the early and delayed groups (Table 1) . Importantly, baseline weight and BMI were similar when comparing the early group with the delayed group, as shown in Table 1 . Furthermore, the distribution of patients who were underweight, normal, overweight, or obese preoperatively was also similar between the two groups ( Table 1) .
The etiology of hyperthyroidism was Graves' disease in 135 patients (66.2 %), and the remaining 69 patients (33.8 %) had a toxic multinodular goiter (Table 1) . In comparing the Graves' disease patients with those with toxic multinodular goiter, there were no differences in age, gender, or co-morbidities. However, all the underweight patients had Graves' disease, and therefore this group had a lower preoperative BMI (p = 0.03). Nevertheless, there was no difference in the proportion of patients with Graves' disease in the early and delayed groups (66.7 % early vs. 60.6 % late; p = 0.43; Table 1 ).
Patients in the early group were referred for surgery a median of 1.5 months (range 0.5-4.7 months) after diagnosis, whereas those in the delayed group were referred at a median of 10.3 months after diagnosis (range 6.0-22.6 months). Within the delayed group, 22 patients (66.7 %) received RAI.
Patterns of Weight Change After Thyroidectomy
Overall, patients gained 6.0 % ±0.8 of their preoperative body weight by last follow-up. The median follow-up time was 388 days (range 15-1,584 days).
The time after thyroidectomy was divided into two periods: (1) the time between surgery and their first normal TSH; and (2) the period between normalization of TSH and last follow-up weight. Linear regression was used to calculate rates of weight change in these two periods. Both groups gained weight during the initial period between surgery and the first normal TSH, but rates of weight change were not statistically different between the early and delayed groups (0.01 ± 0.08 lbs/day, early vs. 0.06 ± 0.03 lbs/day, delayed; p = 0.82). After achieving a normal TSH, the early group stabilized or lost weight (-0.2 lbs/day), while the delayed group continued to gain weight (0.02 lbs/day; p = 0.61).
Although there was no statistical difference in the slopes, we also fit the optimal quadratic curve to the overall pattern of weight change for both groups (Fig. 1) . The early group displays an exponential increase in weight until normalization of their TSH. After normalization of their TSH, weight gain in the early group stabilized, whereas the delayed group continued to gain weight in a linear fashion. Consistent with this pattern, significantly more patients in the early group stabilized (no change) or lost weight after normalization of their TSH when compared with the delayed group (66.1 vs. 42.4 %; p = 0.01).
Change in Body Mass Index Classification
While both groups did gain weight, a small portion of the weight gain in the early group was healthy. The early group experienced a significant decrease in the percentage of underweight patients between surgery and their first normal TSH (4.4-2.0 %; p = 0.01). There were no patients in the delayed group who were underweight preoperatively.
When comparing the portion of patients who changed their BMI classification, more patients in the delayed group gained enough weight to move up in their BMI classification. By the time patients normalized their TSH postoperatively, 30.3 % in the delayed group increased their BMI classification, while only 18.7 % in the early group moved up in BMI category (p = 0.13; Fig. 2a) . At last follow-up, there were significantly more patients in the delayed group who increased their BMI category compared TSH thyroid-stimulating hormone, T4 thyroxine, CAD coronary artery disease, CHF congestive heart failure, BMI body mass index with the early group ( Fig. 2a; 42.4 vs. 21.6 %; p = 0.01). If movement into the overweight or obese BMI categories is considered unhealthy, then more patients in the delayed group experienced an unhealthy change in BMI. At the time of their first normal TSH after surgery, 17.0 % of patients in the early group and 27.3 % of patients in the delayed group had an unhealthy change in BMI category (p = 0.16; Fig. 2b) . By the last follow-up, twice as many patients in the delayed group moved up or into an unhealthy BMI category (overweight or obese) compared with the early group (39.4 vs. 19.3 %; p = 0.01; Fig. 2b) .
We also compared weight change in those with Graves' disease with those with toxic multinodular goiter. Although there were no differences between these two groups in terms of the portion of patients experiencing an unhealthy weight gain (overweight/obese), those with toxic multinodular goiter were more likely to increase their BMI classification compared with those with Graves' disease (32.8 vs. 12.23 %; p = 0.04).
Complications
The early group experienced significantly more temporary hypocalcemia compared with the delayed group (25.3 vs. 9.1 %; p = 0.02; Table 2 ). Importantly, there were no differences in the rate of permanent complications between the two groups ( Table 2) . focused on the relationship between thyroid function and weight change for several reasons: (1) the obesity epidemic in the US; (2) popular media interest in thyroid function and body weight; and (3) scientific focus on the relationship between weight and hormones such as leptin and T3. [21] [22] [23] [24] [25] For these reasons, patients presenting for thyroidectomy as a definitive treatment of hyperthyroidism have many questions about weight gain after surgery.
DISCUSSION
Weight change related to any treatment for thyroid disorders remains a controversial topic. Much attention has
In this study, we found that, compared with patients initially treated with surgery, those first treated with a trial of antithyroid medications or RAI had more unhealthy weight change after thyroidectomy. While both groups initially gained weight until normalization of their TSH, patients treated promptly with surgery began to stabilize or lose weight after their TSH normalized, while patients undergoing delayed surgery continued to gain weight (Fig. 1) . By last follow-up, more patients in the delayed group experienced an unhealthy weight change compared with the group initially treated with surgery (Fig. 2) . Although two-thirds of patients in the delayed group were initially treated with RAI, use of RAI was not ubiquitous among the delayed group. In this surgical series, the common feature within the delayed group was the timing of surgery at least 6 months after diagnosis, with a median of more than 10 months between diagnosis and surgery. These results imply that the timing of surgical treatment for hyperthyroidism may influence patterns of weight gain postoperatively.
Weight gain clearly has an impact on overall health and is linked to increased morbidity and mortality due to its effects on almost every organ system in addition to its social and economic impact. 19, [26] [27] [28] In the era of an obesity epidemic, physicians and patients consider the potential for weight gain in all medical domains, including endocrinology and surgery. Here, we demonstrate that patients referred for surgery after failed RAI or antithyroid medications had a higher likelihood of moving to an unhealthy BMI category. Currently, weight gain is not considered when deciding the original course of treatment for hyperthyroidism, but these results suggest that weight might become part of this discussion, especially for patients who are already overweight or obese.
Although it is well established that hyperthyroidism causes weight loss, and treatment that successfully normalizes thyroid function leads to weight regain, there is no consensus on whether the weight gain exceeds premorbid weight. 2, 14, 17, 29 Excessive or unhealthy weight gain has been documented in a few studies, 17, 30 but others suggest weight gain is appropriate since it represents restoration of lean body tissues such as bone and skeletal muscle rather than fat. 2, 13, 29 Patients undergoing thyroidectomy as definitive treatment for hyperthyroidism are underrepresented in these studies. Dale et al. 17 compared patterns of weight gain between those treated with antithyroid medications, RAI, and surgery for hyperthyroidism. They found that surgery patients gained more weight (approximately 10 kg) compared with patients treated with the other two modalities. This study only included 13 patients treated with thyroidectomy. The authors indicate that ''surgery … was reserved for patients with contraindications to both thionamides and radioiodine, obstructive symptoms from goiter or patient preference''. 17 Under these conditions, many of these patients would have been classified as 'delayed' in the study presented here.
There are several potential explanations why more patients in the delayed group experienced unhealthy weight change than the early group. Although the early group did start out with more underweight patients preoperatively, this number was fairly small (eight patients, 4.7 %; Table 1 ). As expected, the underweight patients all had Graves' disease, but there was no difference in the portion of Graves' disease patients in the early and delayed groups. Furthermore, there were no preoperative differences in the distribution of BMIs. Nonetheless, the chronicity or duration of disease was likely much different between the groups, with patients initially treated with RAI spending longer periods of time on antithyroid medications. In this group, the indication for surgery was recurrence or failure of RAI and/or antithyroid medications.
As patients spend more time on antithyroid medications, they are more likely to develop hypothyroidism. Dale et al. 17 found that patients who developed hypothyroidism, even transiently, had larger amounts of weight gain. Several population-based studies have demonstrated a correlation between serum TSH and weight gain, even for modest TSH elevations within the normal range. 21, 31, 32 Unfortunately, we cannot report the kinetics of TSH change preoperatively in this study, and it is possible that the delayed group experienced more elevations in TSH due to titration of antithyroid medications or transient effects of RAI.
Aside from cycling of TSH, there are several other theoretical explanations for weight gain after treatment of hyperthyroidism. These include mismatch between appetite, physical activity, and changes in metabolic rate that occur with changes in thyroid hormone levels. 2, 14, 17, 33 In addition, thyroid hormone levels are linked to appetite and body-fat regulatory hormones such as ghrelin and leptin. Subclinical hyper-or hypothyroidism may lead to dysregulation of these hormones and contribute to weight gain. 2, [13] [14] [15] 17, 22, [33] [34] [35] [36] [37] [38] [39] [40] [41] Any potential benefit from weight change must be weighed against the potential risks of early thyroidectomy. Although the early group experienced more temporary hypocalcemia, there were no differences in the rate of permanent complications. Arguments against thyroidectomy for hyperthyroidism include a prohibitively high complication rate, [42] [43] [44] [45] but in this series of patients treated at two highvolume centers we demonstrate no differences in the rate of permanent complications, suggesting that early surgical intervention for hyperthyroidism is not necessarily more dangerous than waiting for these patients to fail other modalities. This is consistent with other published series from high-volume centers. 10, 42, 43, 46 This study is limited by its retrospective nature. Since this is a surgical series, we do not have detailed information regarding preoperative weight change and duration of hyper-or hypothyroidism prior to surgery. These factors likely contribute to postoperative patterns of weight change as discussed above. Furthermore, the rationale for initially treating patients with either surgery or RAI was not always obvious from retrospective chart review. Since this is a surgical series, there are many more patients in the early group, and the delayed group may represent a subset of all patients initially treated with RAI. Future research will also include a control group treated with RAI alone. Practice patterns have changed since the revision of ATA guidelines in 20 8, 11 and therefore selection bias likely exists as patients with more severe disease were likely offered thyroidectomy as the initial treatment. Non-thyroid comorbidities thought to make surgery as the initial therapy more dangerous might also lead to increased weight gain postoperatively. We have tried to control for this by comparing co-morbidities that might predispose to weight gain (coronary disease, heart failure, and diabetes). Finally, although our median follow-up time exceeded 1 year, longer follow-up time might have revealed that the delayed group eventually stabilizes their weight, but the plateau takes longer to occur. This is an equally unhealthy pattern since the tendency is to gain and not lose weight with age.
CONCLUSIONS
Despite these weaknesses, this study is, to date, one of the largest of hyperthyroid patients treated with thyroidectomy. Patients operated on in a delayed fashion were more likely to experience unhealthy weight gain postoperatively compared with those initially treated with surgery. Further investigation into the mechanisms behind weight gain after different treatments for hyperthyroidism is clearly needed to identify patients at risk for unhealthy weight gain. In light of the data presented here and elsewhere showing the safety of surgery for hyperthyroidism, patients who are already overweight or at the upper limits of the normal BMI should consider surgery as their initial treatment modality to limit detrimental weight gain postoperatively.
